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Irradiame Observation of SMM,
Spacelab 1, UARS, and ATLAS

Experiments

Solar  lrradiancm Mo]litori]lg  Group, Fkwt]) a~ld S}mcc  Scicnlccs l)ivision,  Jd }’ro])ulsion
laboratory, California lnsiitutc  of ‘J’cdnology, l’asaclcna, CA 91109, lJSA

1 Mccticm of intrinsic solar variability on the total flux lcml was maclc using results  from the
first Adivc ltadiomdmr lrracliancc  Monitor (ACIUM)  cx]mrimcmt,  launchd  on the Solar Maxi-
mu]n Mission (SMM) in early  1980. AC}UM 1, specifically y clesignd  to start the high precision
total solar  irracliance  clatabasc  as part of the lJ.S, Climate ILcscarch  }’rogra]n, ])rocluc.ccl higl)
precision results throughout tllc 9.75 years of the Solar Maxi]num Mission. ‘J’hc scxoncl  ACILIM
cxpcrimmt  was flown aboard the Space Shuttle  as part of the NASA/1’XIA S}mce]ab 1 Mission
ill late 1983. Its primary function has bcxn to ]moviclc  a comparison with ACILIM 1 that COUICI
bc usd to rdatc its observations with future satellite sc)lar  monitors, shoulcl  they  and AC}UM
1 fi~il to overlap in time. ‘J’hc scconcl  ACIUM satellite solar monitoring ex])eri]ncnt  (ACRIM  11)
has ]moviclecl  high precision total  solar irracliance  olw.crvations  si]lcw its launch as part of the
llppcw  Atm osphmc Rcsmrch  Sate]] itc ([JA ltS)  missio]l  in late  1991  ancl continues at }mmcllt,
‘J’lIc slmttlc  ACIUM i]]stru]~~e~ltatio]l  has lJCWII flowII C}II tlIC A’J’I,AS  1 and 2 missions in 1992
and 1993, providing comparisons with the lJA1U3/AClUh4  11.

1. T h e  SMM/ACRIM I cxpcrimcnt

‘J ‘hc ACltJ  M 1 cxpcrimcni  011 the Solar M axi]num Mission providecl  the first unam-
biguous cviclcncc  of intrinsic total solar irradia]]cc  (’J’S] ) variability (Will son 1980) (see
Figure 1). ‘J’IIc first clear cvidcncc  was a ‘J’S] ‘dip’ near 1980 day 100 (Willso]l  ct. al.
1981; Willson & II UCISOD 1981). ‘J’his was causccl  by two large sunspot groups  in an early
stag;c of their evolution. ‘J’hc ‘J’S] incrcascs  011 either siclc  of this dip were caused by
faculae and p]agc surrounding the sunspots, which arc the first and last compo]lcnts  of
the groups to bc seen when the rotated onto and then off our siclc  of the Sun, ‘J’hcsc
two groups WIMC idcntifiab]c  for six solar roilations. On cad sumcssivc  rotation tllc ratio
of facu]ar  area to sunspot area incrcascd  withil] these two groups. ‘J’hc impact of this
can bc clcar]y seen cluril)g the scco]Id dip near day 125 at whit}] time the cfl’cct of the
sunspoi area was significa]]t]y  oflid by the ])rcscnc,c of rclativc]y  cmhancccl  facu]ar  area
(Willson 1982, 1984),

‘J ‘hc solar cycle ‘J’S] variation of aboui,  0.1 YO peak-to-peak can bc clcar]y seen in Y’igurc 2
which shows the entirety of the ACIUM 1 results  for the 9.75 year mission, ‘J’hc occurrence
of tlIc ‘J’S] minimum near the time of solar activity minimum (Scptcmbcr  1986),  as
rccko]lccl  by I,IIC reversal of polarity of active rcgio]ls,  confirms the scalar cycle character
of I,IIc ‘J’S] variation, (Wil]son & }Iudson 1988, 1 W] ). Onc of the most important aspects
of tllc discovery of a clircct proportionality of ‘J’S] ancl solar activity is that, its clircx.tion
is that rcquimcl  for solar forcing of climate cha]]gc. ‘J’his  makes  solar forcing a possib]c
explanation of the ~Sporcr, Mau~ldcr  and 1 lalto]i’ cli]nate  Minima (hat occurrccl  from the
14th  throug]]  the 19th ccnturics,  the ‘Mcxlieval  C]i]natc Maximum’ of the 12tll  ccnltury
(lI;ddy 1977; Anderson 1991),
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2 .  ‘1’he UARS/AClt. IM 11 cxpcrimcmt

‘J’he ACltl M 11 experiment, was launched in Scptmnbcr  1 W], nearly  two years after tlIc
demise of t,hc Solar Maximum Mission, ‘1’hc results to date arc shown  in Fig;urc  3. ‘1’hc
launcl)  delay of scwcral  years, causcc] by the Challe.ngcr  ac.c.idcnt, prcvcntcc]  the plamIcd
clircct on-orbit comparisons bctwcc II ACltl M 1 and 11. ‘J’hc importance of dating  their
rcxmlts with precision through clircct in-flight coln])arisoll  can]]oll  ljc ulldcrstallcd  since
t,hc inherent abso]u~c  accuracy of flight, ‘J’S] scJIsors is illadcquatc  to sustain a uscfu]
long tmm database. ]“ortunatcly,  wc have been ab]c to rdate tl]cir results using tlIc ncxtl
bcsi  approach - by comparing both ACRIM 1 ald ACIUM 11 with the contcln])orary
obscrva,tions by i,hc Ni~nbus 7/}tl U\ cxpcri IncIIt, (Willso]l  1992), ‘.l’hcsc c.ompa,risol~s  arc
sulnmarizcc] in ‘-i’able 1 and shown ill Figure  4. ‘-1’}Ic benefit of having rcdulldallt  ‘J’S]
lno)litoring  cxpcrimcnf,s  in p]acc is dear from t,llis, it l)as saved the continuity of the
‘J’S] databa,sc.  Without the benefit, of these overlapping comparisons, the relationship of
future ‘1’S1 observations to the past could  not be established with precision smal]cr  than
t h c solar cycle variation.

]1’rom ‘J’ab]c 1 it can bc seen t,hat I,IIC ratio of ACIUM l/ACltl M 11 can bc cstablishcc]
with an uncertainty of ICSS that 5 ppm,  assuIning  that  oIIly ral]do]n errors afl’cd the
IYxm]ts. ‘J’hat t,his is not quiic  the case can bc dearly seem in Figure  4. Systc~natic
diffcrcnccs  arc seen ill t}~c plot of the ratio of NiInbus 7/lH{l \ to ACJUM 1 in the form of all
approximately sinusoids] variation ncar]y  ccnhcrcd  on their 9,45 year set of colnparisons.
Silnilar]y, a systcma,tic  downward trend can bc SCCI1 in tllc ratio of Nimbus 7/}4;lUl  to
ACI{IM 11,

,r-l’hc causes of systematic diff”crcllccs  bctwcc]l ACltl  M and II:lill  arc not k?lowll  with
certainty. ‘J’hcy may bc CIUC to uncorrcdccl  thcrma]  effects of the IUtll  illstr~llnclltatioll
cluring  tbc 1980-1990 period  and to uncorrcct,cd  clcgraclation  of IIl{li’s scllsitivitly  during
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1991-1992,  Other cviclencm  of shorter tmn ltltll  sm]sil,ivitics to thermal d’cds call
1X obscnwccl in the results as divcrgcn]ccs  from the means  ill Figure 4 that  significantly
qxccccl  tlIc stanclarc] errors, ‘J’hc revision of Ihc 1’;1{}1 rcsu]ts  by IIoyt  & Kyle (1 990)
ill whic]i cmrlicr da tabase  problems c lue  to pointil~g  mom and IJlcmna]  clriftil]g  wcm
sigIiificantly  rcclucd,  c.ondudcd  that rcsiclua]  thcrll)al  cfl”cds remained. A coInpoIIcnt of
the systematic, cliflcmmccs is probably contributed by ACIUM 1 ]Ilis-]~elforlIlallcc as well,
a]thc)ug]) by virtue of its more siab]c  spacecraft thcr]nal  cnvirolllncnt  slid mudi hip;hc!r
frcclucncy  of electrical self calibratio~l, tlIc colltributiolis  arc likely 10 be IIIUCh smal]cr
llllan  111{.1)’s,

Similar arguments implicate dcgraclatiojl of II;I{lJ’s  sc]lsitivity  as ~hc source of the
syst,clnat,ic  clow~]warcl  trcIId relative to  tlIc ACIUM 11 results. IIy 1992 }I;IU; IIad bccIJ in
orbit Jnorc  thali  14 years, al]cl althoup;h  its total amoul)t  of direct  solar exposure is only
abou~  10’% of that  of the ACIUM’S ]Jcr orbit,, clcgraclat,io~l  s} Iould bc cxpcctcc]  to bc a,
factor ill IUU3 results after that length of l,iInc.  1’2{1] has lIo dcgrac]ation sdf-calibration
capability, ‘J’hc ACltl M cxpcrimcnls  have a multi-sc]lsor  dcg;radatioll  calibration ability
that has dcmonstratwl  an illvcrsc  rclationsllil)  of clctfcctor sensitivity and exposure to
sol ar dircd  flux. ‘J ‘h crcforc  this type of rc]aiivc  trmcl  su.g;gests sc]lsitivity  dcgrad  atiol]
of the I’;IU;, particularly Clurint;  this pcriocl of cxccptiol)al]y hig]l solar activity WIICII
cllllallc.ccl  levels of hig]l cIIcIgy solar flux and particles arc present,  as tllc cause of the
relative trcIId.

A ~norc realistic estimate of tllc unccrtailltics  of the lI;lU]/ACIUM  colnparisol]s  is being
pursucc]  Illlroug;h minimization of the systclnatic.  d’ccts  by lnoclc]illg.  l’rclinlillary  results
itlclicatc tlIc residual uncertainty of the AC}{IM l/ACIUM 11 ratio will bc grcatcJs tllall
the 2 ppIIl of ‘l’able 1 and smaller than  50.
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3. Spacclab 1 /A CRIM, ATIJA S/A CIUM a]ld COIItCINpO~~~y  total
solar irracliance cxpcwiment)s

Several ‘-I’S]  cxpcrimcnts  have lxx]] concluded since laundl  of the lJAltS/ACIUM 11.
‘J’hc first  was Ihc  NJ’l,ASI  /ACIUM  in Mardi 1992, tllc scco~ld the ArJ’1,AS2/AClll M
cxpcrimcmt  in April, ‘J’wo NSA ‘J%] cxpcrimcnts,  t h e  I’M()])  (I]rusa  & Frohlich 1972)
and CIU3M (Crommclync.k  1981 ) were incluclcd  m the ltUlt}WA  platform which was
lau~]chcd  b y  t h e  Shutt]c  in 1992 and mtricvccl  in 1993 (SCC a~so Crolnmclynck  d, a l .
1 994; ILo]ncro ct. al. 1994).

‘J’hc sllutt]c  bad ACHUM cxpcrimcnt  flown on the NJ’I,AS 1 and 2 missions was also
flown on the Spacclab  1 mission in 1 )ccmnbcr  1983, ‘J)hc principal purpcm  of the slmt,tlc
ACIU M cxpcrimcmt  was to make unc]crflight  com]misons with satellite ‘J’S] moliitorillg
cx]mrimcnts  so that if the latter failccl  to ovcrla.])  the ])rccisio~l  of the clatabasc  could
bc sustained through mutua]  i~ltcr cmnparisolls  wit]l the shutt]c  ACIUM. ‘J’lic rcsu]ts  of
comparisons with satellite cxpcrimcnts  is shown in ‘J’ab]c 2. ‘J’hc Spadab  1 /ACIU  M data,
was acquirccl  c]uring the SMM/ACIUM  1 mission. ‘J’IIc A’J’l,AS I  & 2/ACltlM  lC!SU]tS

WCTC acc]uirccl  during  the UAl{S/ACltlM 11 cxpcrimcnt.
III the illtcrcst  of  understanding the rcliabiliiy  of tllc s}]utt]c  ACltlM  results, the

ACIU M 11 obscmations  arc scald to AClll M 1 as cliscusscd prcwious]y,  to facili tate
colnparison  of Spat.clab 1 and A’]’] ,AS mcasurcmcnt,s.  Sensor AClt502  was includd  in
the ACIUM instrument on all three shutilc flights, tllc ACIL504 oli two. ‘1’hc wcightccl
means arc dominated by the A“J’] ,AS results bccausc  of I_Acir smaller unccrtaintim.  ‘J’his
is causcc] by far smaller l]ulnbm  of observations accluircd  c]urillg the Spacclab  I mission
W]ICJ] near I,ota] fai]urc of the shuttle  col~l?l~al~(]-alld-data  systcm  (l{, AU) oc.curmc]  i ‘J’hc
spread of t,hc observations from the flights (:i 242 ppm for AClt502  and :{ 152 ppm for
AC}M04)  CXCXWCIS  their statistical unccrt,ailltics  by a large lnargill, indicating the clear
intervention of sources of systematic error. It has been obscIvccl  that the clcall cavities
of t}lc A CIUM sensors provided for i~ltc~;ratioll  ill cad ]nission  arc contaminated whcm
Ycturncd  for recalibration after each flight.  Col]tamination  is bdicvcd  to bc the pri]lcipa]
cmsc of tlhc variation of rcsu]ts  from flight-to-flight. ‘J’hc largest spread is bctwccn  the
AClt502  result of fll’l,ASl  and the other Iwo, indicating that  its second flig;ht  rcsu]t
could bc anomalously high. ‘.l’his may bc rcsol~~cd  by the A’]’] ,AS3/ACJtl  M cxpcrimcllt
ill late 1994,

11 was hopccl  that the shutt]c ACIUM series WOUICI bc able to provide nlission-to-
mission })rccision bct,tcv than 100 ])pIn illstcacl  of the approximately 200 ppm obscrvccl
from the rcsu]ts to elate, Whi]c larger than cxj)cdcd,  this bound of uncertainty is all order
of lna.gnituclc  superior io the abso]utc  uncertainty of IJlc current genera.tion of sensors,
that opera te  at ‘ a m b i e n t  tcmpcraturc’  and coln]mrab]c  to the abso]utc  unccrta,illty  of
ncw cryogenic, ‘J’S] sensors currc)li  under dcvclo]nncnt,  l’ron] this stancl]>oi~ji,  the sllutt,]c
ACIUM cxpcrimcnt,  is a valuab]c i]lsurcr  of the loIIp, term ‘J’S] database, Shou]cl overlap
of satdlitc ‘J’S] lnonitoring  cxpcrimcnts  fail to occur  in l,hc future, the shuit]c  ACIUM
coln])arisons  could bc usd to susiai]l  I,hc ‘J%] database precision at a useful lCVC1,  even
if less prccisc]y  than had been hoped.

‘J’hc l~;SA IIIUILECA platform was launched from {lIC Shuttle in mid 1992 and rdricvcd
about  nillc months later, ‘J’wo ‘J’S] lnonitors  resided on the platform: ihc I’MO] ) clc-
vclopcd by ]“rohlich  (SCC ltomcro d d. 1 9 9 4 )  a n d  CIK)M dcvclopccl  by Croll~n~clynck
(SCC Crommclynck  d d, 1994 ), A comparisoli  of preliminary daily mean rcsu]ts  ob-
taillcd  simultaneously by t,hc I) MOI),  C}tOM and tllc lJAIM/ACltlM  11 cxpcrinlc]lts  is
show]] in IFigurc  5 (1’rohlich 1993; Cro~nn~clyllck  1993). ‘J’hc JOUIUICA  data S11OWII  begins
shortly aft,cl its dcploymcmt,. q’hc results from all three cxpcrimcnts  clcpid  csscnlial]y



.
‘G IL C, Willson: SMM, Spacclab 1, [JA 1/S and A Y’I,A S A CIUM  h’zpcrinuwh

0,1000 ‘“
PERCENT VARIATION OF UARS/ACRIM  II. . .

/&.  ACRIM l~”Flux  = 1 3 6 5 . 7  (w/rn2j

% -*o m% p - , #.-—
u w

●  s%

0.0000 - ● - - - , ~+**; *C%M J“*%*% y ?%
9 ~a “a I
● bkJ ●I?I ● *

.-+d
-0.1000 . .— –,

199?.6 1992.7 1992.8 1992.9

F’ERCENT  VARIAll~”iF  EURECA/PMOD
0.1000 ‘ - ““ , ——.. ..—

c Y
A v g .  F’MOD  f lux = 1 3 6 5 . 6  ( W / k ’ ) ’

o
“i” ,
0 ● ’IL

*&- - - L -- - -.%**.!.*.,**
.C &,**”*”* -  -; ~%

0.0000 -- J+ “ .9 ● %
s %?+ ● *+

bd
w

~ %b,**”I
N J

-0!1000.  –-.
1 - --~

, —.
199?.6 1992.7 1992,8 1992.9

PERCEN1  VARIAll~O&F  EURECA/CROM
0.1000 -

\ ‘Avg. CROi”  Flux  =  1 3 6 9 . 7  ‘w/;;;)’
~..  -,

‘Ieb
●  - - - - ’  - -  -’*~’r%h.o**%*o#*”*”~*  ‘ .*OP***.

0.0000 - .%”% 9 b-
k~ f ● , d ●*
‘,Jl I * v

-0.1000- ___ ----- . , *L ‘ ?\p
199?.6 1992.7 1992.8 1992,9

Yeor

]“lGIJIUI) g. CJolt~}~arisolls  oflJAltS/ACILIM  11 alldtlle  14;[Jltl(;C;A/1’MC)  l)al~cl CROM results

Ifhc same principa]  ‘1’S1 variations, inc]uding;  the ‘sunspot  deficit’ cfl’cd of large sunspot
groups in the early and late part of the ]Imiocl. ‘J’}lc A(;I{,JM  11 ant] I’MO]) results  are
most, closely ~natchccl  in both  S1 units a~ld the shape  of their time  series. ‘J’hc CltOM
utilizes a diflcrcnt  operational mode  and difl’crs  significantly i~l dcxigll from IJIC I’MO] )
and ACltl M which probably cxplaills  the difrcmlc.  cs of shape of its ti~nc series. l{oth
sets of l’;Ull,l+XA  rcsu]ts  clcmonstra,tc higher initial decrcascs  in flux, relative to ACIUM
11. ‘J’his is probably duc to higl) rates of dcgraclatiml of their cavity absorbing surfacm
ill Illc early  observations, a com]J]on  feature of the initial] pcrformallcc  of ‘J’S] sensors in
space. ‘J’hc daslld  lines of }“igurc 5 occur durin?;  pcrioc]s whcII the IJAIM spacmraft  was
illo]mational  due to failure of I,l]c solar array’s ]Jointillg  md]anism  and no silnultallcous
results wcm available for comparison.

‘J’hcsc same data  arc prcscntccl ill l’igurc (i as the pcrcxmtage  diffmmce  from l,hc
lJAllS/ACIUM  11 results. A general downward trc~ld in both the relative sets of results
lwobab]y indicates uncorrected degradation ill ihc I)MOI I ancl  C!I{OM sensors accumu-
]aling  w i t h  cxposurc  to solar  IIigh cllcrgy ftuxcs  all{]  partic,]cs.  A  hig}l  il~jtial ra,t,e of
rcdativc  decline for the CliOM  may inclicatm  al] acmlcratccl  initial degradation silnilar  to
t]lat fOUlld h] Cal’]y rC!SU]k  frO1ll  thC A(~]{]M CX])CriJIICJdS.

4 .  Slmmml’y

‘J’hc ‘J%] variability cldcdccl  thus far is dircct]y  proportional to solar activity, as would
bc rcquirccl by a solar forcing function  for cli~nate  change that might have bcm rcspon-
sib]c for the ‘Maulldcr  or Sporer  clilnatc  Mini~na’ of the 14th through the 17th  cmturies,
ancl i,hc ‘Mcclicval  Climate Maximum’ of tllc 12th century, ‘J’his ilnplicx  the nd t o
cxtcn  d the high precision ‘J’S] clatabase  incldlnitd  y wit]] maximum available precision
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lhc;ul~}f;  6. Comparison of UAltS/ACIUM 11 with I’M 01) a~tcl CltOM  rcsu]ts  as perccnt,age
cliflcmn]ccs  in time series,

to dctcd subtle, long term ‘1’S1 variatiol). A careful mcasurclnmd  strategy that relates
suc.cdssivc  solar monitoring cxpcrimcmts al a precision Icwcl  of the illstllllllcrltatioll  will
bc rccplircd  to sustain the clatabasc  sillcc the u~lccrtaillty  of ‘J’S] illstr~ll~~cl]tatioll OM all
absolute basis, even if opcratccl  at c.ryogcllic  tclllpcraturcsj  is inaclcquatc  for this purpose.

‘J’here arc prcscni]y  no lJ ,S. cxpcri~ncnts plm)nd  for the mid-t  o-]atc 1990’s that  have
a high dcgrcc  of probability for sustaini~]g;  the ‘J’S] database until deployment of the
]Icxt ACIUM cxl)crimcnt  as part the Mission to I)laIlct IIart,h (011 the Harth  OLscrvation
‘SL Yst’cl~~ ‘~hcl~list~y’  sate.llitc ill late 2002). If the current cxpcrimcllta]  scenario persists,
the first high precision ‘J’S] clatabasc  wi]] tcnni]laic  iIl Ihc late  1990’s and the next will
bcgill  in 2002, with cffcdivcly  ]]0 relationship bctwcc]l thcm of a sufl”iciclltly  high precision
to bc uscfu] for the ]ong term study of either so]ar OJ c]imatc  variability.
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Table 1. Comparisons of SMM/ACRiM I and UARS/ACRIM  II with Nimbus7/ERB
experiment. Demonstration of the ‘overlap strategy’ capability for preserving the
precision of the total solar irradiance database.

I “--”- ‘--
..—. _- -. .- ..,. . —— . .

COMPARISONS

~.Nimbus7/ERB  - SMMIACRIM I
Nimbus7/ERB - SMM/ACRIM II

1“ACRIM UACRIM II (ERB Comparisons]

1!

Ratio to
ACRIM

— . . .— .-..

1.003138
1.004946

1.001802

Standard Nu”rn’ber of
Error Samples

(1 sigma)
—-—  -.., . . . . . ... ._

0.000004 2714
0.000003 225

0.000002
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Table 2. Results from the space shuttle ACRIM experiment on the Spacelab 1,
ATLAS 1 AND ATLAS2 missions. Results are shown for ACR sensors 502 and 504
as their percentage variation relative to the radiation scale defined by the SMM/AC-
RIM 1 instrument:

[
Sensor: ‘--

Mission

I Spacelab 1 (12/83)

IATLAS 1 (3/92)

I AT”LAS2 (4/93)

IWtd. Mean (All flights):
Variation (+-/-):

Wtd. Mean (ATLAS):
Variation (+/-):

Wtd. M e a n  (SLI
ATLAS2):
Variation (+/-):

‘ACR502

Average
(% var)

0.3679

0.4164

0.3680

0.3701
0.0242

0.3701
0.0242

0.3680

0.0022

Uncertainty
(Note 1)

+1-
(% var)

0.0098

0.0028

0.0006

0.0006

0.0006

0,0010

. . . . . . . ..—
ACR504

Average
(% var)

0.4479

Not Flown

0.4174

0.4176
0.0152

---

0.4176

0.0152

Uncertainty
(Note 1)

(%+;ar)

.0.0088

---

0.0007

0.0007

---

0.0011

Note 1: Std. Error (1 sigma):


